Introduction
In most parts of the world, from long time ago when rivers, lakes, springs, and wells from which one can directly drink; most of the water are used for drinking, irrigation, and industries, not supporting habitat for natural flora and fauna, but also needs treatment to become suitable for drinking and other purposes. The quality of water in a river might be considered suitable for irrigation but not for drinking, and to determine water quality, one must first determine purposes for using the water and treated according to standards for important parameters of the water that will support and protect the designated water uses (1) . Water treatment plant (WTP) is a part of urban water supply system. The principle unit processes involved in conventional water purification system includes sedimentation, filtration and chlorination (2) .
Water purification originally focused on improving the aesthetic qualities of drinking water. Methods for improving taste and odor of drinking water have been recorded as early as 4000 B.C. Ancient Sanskrit and Greek writings mentioned water treatment methods such as filtration through using charcoal, exposing to sunlight, boiling, and straining. Visible cloudiness (later termed turbidity) was the reason behind the earliest water treatments. To clarify water, the Egyptians reportedly used the alum as early as 1500 B.C. During the 1700s, filtration was established as an effective means for removing particles from water. By the early 1800s, slow sand filtration was beginning to be used regularly in Europe. During the mid to late 1800s scientists studied sources and contaminants of drinking water. In 1855, epidemiologists proved that some diseases linking with the contamination of river by sewage, before the use of sands for filtration (3) .
Freshwater resources around the world are decreased, demands for drinking, irrigation and industries were increased and their evaluation (physically, chemically and bacteriologically) was necessary (4) .
In Iraq there are 218 urban water treatment plants (5) . Construction of water treatment plants (WTPs) in Erbil city like other parts of Iraq (Nasiriyah in 2006 and Suliaymaniyah in 2009 etc.) was necessary to supply their population with clean drinking water. To evaluate WTPs in Erbil city some researchers conducted their studies on water quality for these treatment plants among them, (6) who conducted her study on old project of Ifraz, while (7) studied water quality for Ifraz treatment plants 1 st and 2 nd . After construction of 3 rd Ifraz project at Greater Zab River in 2004, evaluation of all WTPs together was necessary to reduce the problem of water deficiency in Erbil city.
A holistic approach to drinking-water supply, risk assessment and risk management increase confidence in the safety of drinking-water. Water treatment is a process of making water suitable for its application or returning its natural state (4) .
The aims of this study were to assess the quality of water resources during and after treatment within treatment plant projects; based on certain physical, chemical and bacteriological characteristics, studying the hygienic status of available drinking water and suggesting solutions and recommendations.
Description of the studied area
Three water treatment projects were selected for physico-chemical assessment and bacteriological analysis. First and third projects, locally known as Ifraz 1 and 3 are established in 1968 and 2004 respectively at Ifraz village about 32 Km north-west of Erbil city (Plate 1). While the second project known as Ifraz 2 which is located on the Erbil-Ankawa road at the right side, and established in 1982 (Plate 2). These projects collectively supply Erbil city with about 10500m3.hour of potable water. Each water treatment plant is divided into five sampling sites, raw water (River water), flash mixer (in which Alum, polymer (to increase weight of pellets), and chlorine gas were added and mixed), Sedimentation unit, filtration unit and high left (Storage unit) after second chlorination, which are ready for drinking.
Figure (1): A-Iraq Map
B-Erbil Map with studied stations. 
Plate (1): Satellite image of Ifraz 1 and 3 at Greater Zab River

Plate (2): Satellite image of Ifraz 2 in Erbil city near Ankawa sub district
Methodology
Water samples from fifteen sites located at water treatment projects were collected monthly` for physical, chemical and bacteriological analysis from May 2008 to the January 2009. Each site was visited on nine occasions during the period of the study. On the other hand, each water treatment project (Ifraz 1, 2 and 3) is divided into 5 sampling sites (Raw water, flash mixer, sedimentation, filtration and Storage tank). Water samples were collected in polyethylene bottle and following standard methods described by (8 and 9) for water analysis All water samples analyzed within first 4-6 hours. Alkalinity, chloride, total and calcium hardness were measured by titration method, while magnesium hardness measured by calculation. EC and pH were measured using (pH-EC-TDS meter, HI 9812, Hanna instrument). Nitrite and phosphate were determined according to the (9) . Sulfate was determined by turbidimetric method and Jar test conducted for raw water according to (8) . Sodium and potassium cations measured using Flame Emission Photometer technique. Turbidity was measured using Turbidimeter (HF scientific, inc. model BRF-15 CE). Dissolved oxygen measured by azide modification of Winkler method, BOD 5 and Most probable number (MPN) determined according to (8) . Statistical analysis RCBD design Duncans multiple range tests were used to evaluate differences between sampling sites and sampling dates at (P<0.05) in addition to mean and standard error (SE) to find significant differences between sites or dates.
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Results and Discussion
Turbidity measurements were used for aesthetic purposes and removal of undesirable particles by water treatment processes (The turbidity in water of WTPs must be less than or equal to 1 NTU in at least 95% of the measurements taken each month, but in potable water usually less than 5NTU). Turbidity values at Ifraz water treatment plant (IWTP) units ranging from (0.2 to 29 NTU). The minimum value recorded at (St.5) of Ifraz 1 during June, 2008, whereas, maximum value recorded in (St.1) during Dec. 2008. Turbidity results of the present study in Ifraz 3 agreed with (6 and 10). While results in Ifraz 1 and 2 agreed with (7) ( Table 1 ).
Higher turbidity values were observed in raw water of WTPs ( Figure  2 ) which may be due to sewage water effluents of neighbor village and erosion effects of rainfall. The maximum value of turbidity in raw water of Ifraz 1 was in Dec. 2008 because of dusty storm and dust falls. The turbidity of raw water increased toward winter season due to the soil run off by rain fall, which accepted with results obtained by (6, 11 and 12) . The minimum values of turbidity were found in storage tanks due to the remove of undesirable particles in treatment processes (sedimentation and filtration) of IWTPs (13) . These results agreed with results of (6 and 7). pH values of the major treated units were ranging from (7.0 to 8.4) which are the optimum pH values of drinking water and they are within normal range of drinking water 6.5-8.5 (8 and 14) . The lowest values were recorded at flash mixer and sedimentation units of Ifraz 1 during Dec. 2008. While the highest values were measured in filtration unite of Ifraz 1 and raw water of Ifraz 2 during June and May 2008 respectively ( Table 2 ).
In the results of current study, slight decrease in pH values observed from St. 1 toward St. 5 in WTPs which may be due to the salts of Aluminum (Al 2 SO 4 ), which are used today as coagulant for reacting in water with chemicals, macromolecules and particles then precipitate them, which intern reduce the pH of water. In addition, removal of algae from water during treatment, and chlorination has a role in this process (15 and 16) . However, these values were come in accordance with results obtained by (6 and 7) on WTPs of Erbil and (16) on Ivedik WTP in Turkia.
The EC value is an indicator of the amount of dissolved salts in the water (17) . Results showed that EC values in raw water increased in dry season because of evaporation, while in wet season their values decreased because of dilution by rainfall (11 and 17) and controversy with results of (6 and 18).
The EC values in raw water of WTPs were ranging from minimum of 351 µs.cm -1 and maximum of 773 µs.cm -1 during Dec. and Aug. 2008 respectively ( Figure 3 ), while in treated water units the EC values varied between the maximum value of (757 µs.cm -1 ) recorded at the (St. 2) of Ifraz 1 during the Aug. 2008, and the minimum value of 340 µs.cm -1 measured in Ifraz 2 at (St. 5) during Dec. 2008 ( Table 3 ). Values of EC in 56% of sites increased about 14 µs.cm -1 as average during treatment at flash mixer of WTPs because of adding alum and polymer, while in 96% of sedimentation tanks about 10µs.cm -1 of EC reduced due to the precipitation of soil particles in the form of pellets after binding with coagulants (coagulation and flocculation), while in storage units, EC values were increased because of second chlorination and this accepted with results of (6 and 7).
The minimum value of alkalinity in the studied WTPs was 92 mg. CaCO 3 .l -1 recorded in Ifraz 1 at filtration unit in May. 2008, while the maximum value was 181 mg CaCO 3 .l -1 observed in raw water of old Ifraz during Aug. 2008 (Table 4 ). Generally, the alkalinity levels in sites of raw water ranged between 100-190 mg CaCO 3 .l -1 that is similar with results obtained by (7 and 18). These results were within the permissible levels of WHO (4) . Alkalinity in Northern part of Iraq is due to the presence of bicarbonates and carbonate (19) .
As stated by (20) , the variation in alkalinity may be related to various factors, among them dissolved Carbon dioxide (CO 2 ) concentration, rainfall and runoff the catchment basin, microorganisms activity, and hydrolysis of bicarbonate ions. Total alkalinity values reduced in flash mixer of all WTPs by the effects of coagulant, sedimentation which intern minimize pH values and then alkalinity , k and this accepted with (6 and 7) results.
The lowest value of total hardness (TH) recorded was (116 mg.CaCO 3 .l -1 ) at (St. 3) of Ifraz 2 in June 2008, while the highest value was (308 mg.CaCO 3 .l -1 ) recorded at (St. 4) of Ifraz 2 in Dec. 2008 (Table 5 ). In 70% of sites about 19 mg.CaCO 3 .l -1 of Ca hardness increased, while in 30% of sites only 1.25 mg.CaCO 3 .l -1 was decreased as average. In 66% of WTPs about 30 mg.CaCO 3 .l -1 of Mg hardness was decreased, while in other sites, Mg hardness was increased about 27 mg.CaCO 3 .l -1 as average. Total hardness values in raw water of present study come in accordance with results mentioned by (7 and 18) and ranged between 146 and 284 mg.CaCO 3 .l -1 (Figure 4 ). High concentrations of hardness observed in wet season because of erosion effects of rainfall (21) . The quality of water in this survey is classified as moderately hard to hard water (8) .
The principle water hardness cause ions are Ca +2 and Mg +2 , which originated from the sedimentary rocks like limestone and chalk (4) . The calcium hardness concentrations for the studied sites were ranged from the maximum value of (220 mg CaCO 3 .l -¹) at (St.3) of new Ifraz project during Dec.2008, to the minimum value of (32 mg CaCO 3 .l -¹) in (St. 2) of old Ifraz project during Aug. 2008 (Table 6) . High values of total hardness in old Ifraz project at Nov. 2008 may be related to the waste water effluents of neighbor village in to the River at that time (11) .
The lowest value of magnesium hardness was (42 mg CaCO 3 .l -¹) noted at (St.3) of Ifraz 2 during June 2008, while the highest value was (228 mg CaCO 3 .l -¹) recorded at St.1 of new Ifraz project during Aug. 2008 ( Table  7 ). The dominancy of magnesium hardness on calcium recorded in different sites during the present study, which may be related with geological formation of the catchments area (21) .
The dissolved oxygen (DO) concentration in water depends on the physical, chemical, and biochemical activities in the water body, and its levels provides a good indication of water quality (22) . Dissolved oxygen values were ranging from 3.2 to 10.9 mg.l -¹ for row water, while in storage tank ranged from 4.4 to 12 mg.l -¹. Similar results were obtained by (6 and 7).
Variations in DO concentrations were observed throughout the entire sampling periods among sampling sites of WTPs, with low concentrations in dry season and high values in wet season that closely related with the temperature, dissolved salts, partial pressure of gasses, inputs of organic matters, climatic factors, light transparency and phytoplankton contents (23) . During treatment process, water was aerated and DO values were increased, as obtained by (7 and 16) . On the raw water of Greater Zab River showed lower DO values than that of treatment units due to aeration in treatment units. Similar to results obtained by (6) .
Generally, biochemical oxygen demand (BOD 5 ) values for non seeded samples were ranging between (0.1 mg.l -1 ) at (St. 5) for each of WTPs, and the highest value was (5.4 mg.l -1 ) observed in (St.4) at old Ifraz project in Nov. 2008 (Table 9 ), this may be due to low filtration efficiency of old Ifraz project and low chlorination of water during treatment. The chlorine gas action for killing of microorganisms will complete after one hour (24) in spite, some organisms remain in water and consume small amount of oxygen during incubation period, which may supported by fecal coliform results in most sites of WTPs which contain less than 2.2 MPN.100ml. This means that some bacteria still exist in water, even after chlorination and consume dissolved oxygen during incubation, or by chemical oxidation. Results of present study agreed with (6 and 7). On the other hand, Greater Zab River sites showed higher BOD 5 values than treatment units, due to the chlorination and filtration.
Nitrite concentrations at the major treatment units located between (0.006 to 2.96 µg at. N-NO 2. l -1 ). The lowest level was measured at storage unit of Ifraz 2 during June 2008, while the highest level was recorded for sedimentation unit of the Ifraz 2 during June 2008 (Table 10) . These results were come in accordance with results obtained by (6) . The low Nitrite values in present study related to aeration of water during processes and converted to NO 3 (25) .
Sodium salts are generally highly soluble in water and are leached from the terrestrial environment to the ground and surface water. Most water supplies contain less than 20 mg of sodium per liter, but in some countries, the levels can exceed 250 mg.l-1 (4) . During the present investigation, fluctuations in Sodium concentration were noticed ( Table 11 ). The dusty storm in Aug. 2008 was behind the high levels of Sodium in water samples particularly in raw water of grater Zab River ( Figure 5 ). While during rainfall season sodium levels reduced by dilution of water as stated by (26) . After treatment processes, sodium concentrations increased, because sodium ions are available in alternate forms (ex. Organic compound), and degraded after treatment processes and oxidized by aeration to form soluble sodium (27) .
Potassium cation K + occurs in water as a result of mineral dissolution, from decomposing plant material, and from agricultural runoff (8) . Generally, K + concentrations were lower than the sodium levels during the entire sampling periods may possibly related to soil formation of Erbil province (7) . Potassium concentrations in WTPs were ranged between the minimum value (0.2 mg.l -1 ) measured in raw water of Ifraz 3, and the maximum value (4.9 mg.l -1 ) recorded in filtration unit during May 2008 of Ifraz 2 (Table 12 ). These results agreed with the results obtained by (7) , who stated that potassium values were high in dry season and low in wet season.
Chlorides (Cl -) occur in natural water, causes a salty taste when combined with sodium and forming sodium chloride (20) . However, Clrange were 8 to 28 mg. l -1 observed at filtration unit of Ifraz 3 during June 2008 and flash mixer in Ifraz 2 and 3 during Oct. and Sept. 2008 (Table 13 ). The high levels of chlorides in flash mixer and storage units for all WTPs may come from the disinfection of water by chlorine gas which produces hypochlorous and hydrochloric acid which in turn increase Clions in water or the effect of other ions in water which interfere with the results of (25) .
Sulphate is an abundant ion on the earth's crust and its concentration in water range from few milligrams to several thousand milligrams per liter (22) . Sulphate concentration relatively was within the permissible and desirable standards given for natural waters.
Sulphate concentrations showed a range of 191 to 541 mg.l -1 . The lowest value was noticed in (St.4) of Ifraz 2 during Jun. 2008, due to sedimentation, filtration processes and the distance between raw water of Greater-Zab and Ifraz 2, which minimize their values. The higher level was measured at (St.1) of Ifraz 1 during Aug. 2008 (Table 14) because of dusty storm weather ( Figure 6 ). These results agreed with the results obtained by (6) . Clear seasonal fluctuations in Sulphate concentration were observed throughout entire sampling periods and increased with electrical conductivity values (25) . Sulphate values in flash mixer of WTPs are lower than values in raw water, due to the binding of Alum with suspended particles in water (naturally SO 4 exists in earth crust) that clumped together via the processes of coagulation and settled faster before sedimentation process, thereby minimizing sulphate concentrations in flash mixer of WTPs during the periods of study (27) .
Phosphorus is commonly found in soil, rocks, and plants. It is an essential nutrient for plants growth and important contaminants of surface water, even when low (25) . The ranges of reactive phosphorus concentration were ranged between 0.15 µg.at.P-PO 4 .l -1 at (St. 3) of Ifraz 1 during Aug. 2008 and 10.5 µg.at.P-PO 4 .l -1 at (St.1) in Ifraz 1 during Sept. 2008 (Table  15 ). The high values of PO 4 in raw water of Greater Zab may come from the pollution of water with fertilizer that used in neighbor villages. The obtained results by (6 and 18) confirm the results of the current study. While in other units of treatment, PO 4 concentrations were decreased due to the treatment process.
Alum was needed for sedimentation of suspended particles from raw water and their concentration depends on the jar test results, to determine an optimum dose of Alum. Minimum Jar test result was 4ppm in Ifraz 2 at Jan. 2009 and their turbidity was 1.5NTU and maximum Jar test result was 28ppm in Ifraz 1 at Dec. 2008 when turbidity was 29 NTU (Table 16 ).
Fecal coliform bacteria originate from intestinal tracts of animal and human indicate the possible presence of pathogenic organisms. In the present study, the recorded value for the fecal coliform bacteria was >16 MPN.100 ml -1 in raw water of all WTPs, all units of Ifraz 1 in Dec. 2008 and flash mixer of Ifraz 1 in Aug. 2008 considered unsatisfied for drinking according to guidelines (4) . Also it indicates that Greater Zab river water is polluted due to the effects of sewage effluents of nearby villages (6, 7 and 18) . While in other sites of WTPs have less than 2.2 MPN.100 mL -1 and in the safe side for drinking purposes due to the chlorination effects and filtration (4).
Conclusions and Recommendations
1) Adequate chlorine adding is essential for successful operating WTPs.
2) Rapid sand filters should be checked, and regulating their back washes. 3) Continuous maintenance and analysis will lead to precise evaluation of plant performance and required modifications. 4) The performance of Ifraz 3 is higher than other WTPs (This concludes that the 1st and 2nd treatment plants needs more necessary repairs in their unites especially in filtration and sedimentation process). 
